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© Shadow mask with border pattern. 



© A rectangular shadow mask is characterized by having a pattern of slits in the border regions of the mask in 
order to provide uniform distribution of tensile stresses across the mask when mounted in the CRT, resulting in • 
improved mechanical and thermal behavior, and enabling the separate fabrication of the mask and ( 
screen of the CRT. 
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Shadow mask with border pattern 



Background of the invention 

This invention relates to a shwdow mask for a flat face cathode ray tube (CRT) for color display, and 
mnr« narticularlv relates to such a mask having a border pattern. 

5 fray tubes for colour television and allied display plications typically employ a shadow mask 

10 shadow ?spSX filter) the electron beams corning from the three electron guns mounted in the neck of 
Z^JSSXb** beam excites only one color of a three-color phosphor ^J^^™ 
the internal surface of the face of the tube. This shadowing is accomplished by providing an aray of 
aoerturss in the mask corresponding to an aray of phosphor elements in the screen. 

,o 9 C^e JoL CRT faces are ou" ed. Currently, t^dimensiona, (cylndrieri) * 

mherican curvatures are employed. Although CRTs have recently been developed which have faces w.th 
XSS ^ur^s% would desirable for . n.mber of reasons, ^<>^>ff«p reduced 
ambient light reflections and fabrication costs, to have a CRT with a face wrth no culture at an. 

A flat-faced CRT Is currently being developed In which the shadow mask is tensioned behmd the _ flat 

, 5 disolav surface much like a drum skin, to provide structural rigidity and to overcome thermal distortion 

15 SS^TdSi operation. A uniform stress distribution in this mask is 

of higher tensioning stresses which further improves the structural and thermal behavior. Such tens.on.ng 
stresses could be as high as 60 to 80 % of the yield stress of the mask materia,. 

Mdifcna; advantages in tube design and cost of automation could be realized if a "n°n-marr.ed 

20 fabrifa«r P Lss could be used, that is. the shade, mask and *^V^? T £££ 
independently, rather than dependency as is the present practice for conventional CRT* To. ach eye 
such a "non-married" fabrication process, the accuracy of aperture and phosphor element placement wrth.n 
5 to 10 microns must be uniformly achiovablo. 

25 

Cbjec'i and Summary of the Invention 

it is an obiect of the invention to provide a border pattern surrounding the apertured (viewing) area of a 
•em^a^^S* border pattern provides a uniform stress distribution in the J^JJJ^ 
so Z mask when the edges of the mask are subjected to either a uniform d.splacement or a unrform edge 

'^"accordance with the invention, a border pattern is provided on a rectangular ^adow mask for 

Th°e S . e en g " Seen the slits are chosen to provide a border which is 

tension but^tively fleWin transverse bending. The ratio of the length L » 
40 adjacent edges cf the slits, referred to herein as the aspect ratio, vanes as the square of the ratio 

tensile stiffness to the bending stiffness. ««» the tpn«sila 

in additon. the transverse bending should be small ratafee to the legnth L to assure that the tensile 
forces are substantially orthogonal to the adjacent edge of the apertured area. 

45 

Brief Description of the Drawings. 

Hg. 1 is a schematic diagram of a shadow mask for a flat faced colour cathode ray tube of the 
invention, including a border region having a pattern of slits, 
so Fig, 2 is an enlarge portion from the circled area of Fig. 1 . showing in more detail the pattern or 

in the ^ d J.; s e f^ grammatic representation for te nsi.e stress analysis of a leg of border materia, between 

adjacent slits of the border pattern; „„,i„ e . i e. 
Fig 4 is a diagram similar to that of Fig .3 for transverse bending stress analysis. 
Fig. 5 is a graphic representation of the upper right quadrant of the mask of Fig.1; 
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Fig. 6 is a graphic representation of the upper right quadrant of a tensioned mask similar to that of 
Fig. 1, but without a border pattern, under uniform tensile stress; and 

Fig. 7 is a graphic representation similar to that of Fig. 6 for a tensioned mask having a border 
pattern in accordance with the invention. 

5 

Description of the Preferred Embodiment 

Referring now to Fig.1, there is shown one embodiment of a shadow mask for a flat faced color CRT in 
accordance with the invention. The mask 10 comprises a rectangular central apertured or viewing region 11, 
10 and border region 12 comprising members 12a, b, c and d. each member including a pattern of mutually 
parallel slits 13 oriented orthogonally to the adjacent edge of the viewing area. The aperture pattern and 
border pattern may be produced simultaneously by selectively etching chemically a single sheath of thin 
metal, in accordance with known practice. 

As may be better seen in F\g2, an enlarged portion of the mask from the circled area of F?g.1. the slits 
is 13 in the border elements 12 form many parallel legs 14, which connect outer solid strips 15 of the viewing 
area 11 via inner strips 16. Strips 15 a~e used to secure the mask to the tube. Due to this border pattern, 
the members 12 are relatively stiff when tensile forces are applied axially, that is, in the direction of the 
arrows shown in Fig.2. and relatively flexible in transverse bending, that is. transverse to the direction of the 
arrows. Thus, the member tend to effectively transmit the tension forces required, but tend to absorb 
20 bending forces which would otherwise disturb the uniform stress distribution desired in the mask. 

The width of the slits is preferably kept as small as possible. When the slits are produced by 
conventional chemical etching, the width is typically about 5 miles in the upper surface of the mask, which 
is just sufficient to allow penetration of the lower surface of the mask by the etchant 

As shown in Fig.2, each leg 14 has a length L and a width W. The ratio of the length L to the width W. 
25 herein the aspect ratio , must be sufficiently large to achieve the desired relative stiffness in tension and 
flexibility in transverse bending. 

Referring to Fig.3. a stress analysis diagram of one of the legs 14 subjected to a tensile stress as 
indicated by the arrow, the tensile stiffnes K, of the leg is equal to E x A/L, where E is the Young's modulus 
of the mask material, A is equal to mask thickness t times the leg width W, and L is the leg length. 
30 Fig. 4 is a diagram similar to that of Fig .3 for a leg subjected to a bending force as indicated by the 
arrow. Bending stiffness K 2 Is equal to 12.x E x l/L 3 , where I is equal to t x W3/12. The ratio of K, to Kz is 
then equal to (L/W) 2 . By way of example, where a ratio K,/Ka of 100 is desired, the aspect ratio L/W is 10. 

An additional consideration In the design of the mask of the invention is that the transverse bending 
should be small relative to the length of the slit to assure that tensioning forces are substantially parallel to 
as the mask axis intersecting the border element. The magnitude of the transverse bending is in turn 
determined by the size of the mask and the tensioning level of the mask. 

Fig. 5 is a graphic representation of the upper right quadrant of the mask of Fig. 1. which has a height 
along the Y axis three-fourths of the width along the X axis. The intersection of the X and Y axes 
corresponds to the center of the mask. The distance from the center to point C is designated as one-half D. 
aq where D is the diagonal of the viewing area. The height and width of the viewing area quadrant can then be 
expressed as 3/1 0 D and 2/5 D. respectively. The transverse bending near point A can then be expresse as 
B = a h - 2/5 D 

where o h is the average horizontal strain. The transverse bending near point B will be 
B=a v -3/10D 

45 where o v is the average vertical strin. In practice «,„ is approximately equal to <,„ which is approximately 
equal to 500 x (E - 6). For a mask material having a modulus of elasticity E of 30 E6 psi. and a diagonal D 
of 27", B is approximately equal to 0.005". For a diagonal D of 16". B is approximately equal to 0.003". As 
higher yield strength materials are used, the strains will increase due to increased tension loads of as much 
as two to five times. Depending upon the space available surrounding the viewing area of the mask, slit 

so lengths up to 100 times the transverse bending can be accommodated. 

In order to illustrate the advantages of the invention, two sets of prototype flat faced oo'or CRTs with 
tensioned masks were built one with a 27" mask diagonal and one with a 16" diagonal. Each set included a 
tuoe with a border pattern in tha mask and a control tube with nc border patten in the mask. The values of 
L, W, and a are as shown below: 




-HP 3 37£-e3S-A£ 





27" 


16" 


L 


0.50" 


0.25" 


W 


0.050" 


0.025" 




0.050" 


0.02" 



in the control iubes, a pattern on the screen was observed having an edge <*^JV^J°? 
Stom^neifS; edges of the viewing area. No evidence of this distort.cn was v,s,ble * the tubes 

mmmmm 

the fabrication of the screen and mask separately. 



Claims 



1 A rectangular shadow mask comprising a central apertured viewing area and • 

4 The mask of claim 1 in which the aspect ratio of the legs is up to 10 - 

5 The mask of claim 1 in which the magnitude of the transverse bend.ng of the border reg,ons ,s small 

'"a^ shadow mask as claimed in one of the Claims 1 to 5 mounted in 
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© Shadow mask with border pattern. 

© A rectangular shadow mask is characterized by 
haying a pattern of slits in the border regions of the 
mask in order to provide uniform distribution of ten- 
sile stresses across the mask when mounted in the 



CRT, resulting in improved mechanical and thermal 
behavior, and enabling the separate fabrication of 
the mask and display screen of the CRT. 
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